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Overview

. 1x107*
- Meson-decay experiments
are well-suited to explore  sx10%|
the mass region
~(10-1000) MeV/c?
- Experiments: 11051
- SINDRUM
- 7° decay 5x107°
- WASA-at-COSY o
- 70 decay
’ KLq?dEeca Ix1076F PHENIX (prelim)
’ y APEX ‘
- e*e- annihilation 5x1077F MAMI 'u;
- NA48/2, NA62 KLOE (prelim)
- n0 decay
- K* decay 1% 10~7 ~arXiv:1402.3620
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Processes

* Mesons decay to dark photon via kinetic mixing between
SM photon and dark photon:

L- — —lgFQEDF,MV
nt 27w Dark BR upper limit ~
* Most analyses assume: (Flux)1/2 x

¢
o

b—-nU U ot
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SINDRUM Limit: i°—Uy, U—e*e

- SINDRUM search for i®—yX R. Meijer Drees etal,
(PSI, 1992) (19y9é) 3845

- 95-MeV/c = beam incident on
liquid hydrogen target
producing at-rest pions:

T p—non

- ~10° n%—e*ey decays

- BG: n”p—ne‘ery

- Magnetic spectrometer:

-

Br(z° — yX, X—e'e)

1x107*

Op/p ~ 2% 5x10°5} | - 1 T U DU

- Search for peak in e*e Y’ dki o
invariant mass distribution » N

- Branching ratio upper limit for e wi
25 < My < 120 MeV/c? h - G

- Result analyzed in terms of ;ij" PN e -
dark photon by Gninenko in il Rn gt
2013 1x10- . L L I .

Mygark photon [Mev]

Phys.Rev. D87 (2013) 035030
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WASA-at-COSY Experiment

- Detector designed for study

of rare n® decay using

pp—ppm’ .
- Dark photon search uses

COSY proton beam energy of

550 MeV

- C.0O.M. excess energy of 122
MeV w.r.t. pp—ppn° threshold
(below two pion production i
threshold)

- Forward Detector:
reconstruction of protons

- Central Detector:
reconstruction of photons/
electrons

© 0,/p <2%

B




June 11, 2014 ETW: Dark Interactions (BNL)

WASA-at-COSY Search: i°—Uy, U—ete

Data 10"
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- 5x10° n’—e*ey decays
- Search for peak in e*e" invariant mass distribution
Phys.Lett. B726 (2013) 187-193
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KLOE Experiment

- DA®NE: e*e” @ factory
- doKK- (~49%)
- D—KK, (~34%)
- ®—pm + 7t (~15%)
- o1y (~1%)

- Drift chamber
- 0,/p <0.4%

- Lead/scintillating fiber
EM calorimeter
- 0c/E ~ 5.7%/NE [GeV]

- Data collected: IV Y
- 2.5 fb - - ‘
- ~8 x 10° ® decays

P. Moskal, Moriond, 2013
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KLOE Search: ®—nU, U—e*e

- Search for excess in Fit to irreducible background:

ST o
!\/Iee dls_trlbutlon of 210 RS i e
irreducible ®—ne‘e- @ ¢
background 210

=~ 10
. n—>J'|JOJ'I:OJ'IJO = | =i

- 30577 events M., (MeV)
- ~3% background

> ot n?
- 13254 events
- ~2% background 0 50 100 150 200 250 300 350 400 450 500
- 6(M,,) < 2 MeV M (BEV)

Phys.Lett. B720 (2013) 111-115

Events / 5MeV
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KLOE ®—nU Limit

90% CL upper limit on: Exclusion plot:

* number of observed events (top) 8
 branching ratio (bottom) 3
10
1 0750 100 150 200 250 300 350 400 450 :
M, (MeV) 09
S -6 . B : MAMI
%10 \ © no-[ouo s
L4 " Combined B KLOE- b, =10 GeV (theory)
F10 ¢ - I KLOE - b _3 8 GeV? (expt)
A - -
E -8 10 q P L.
210 0 100 200 3(!) 400 7500

0 50 100 150 200 250 300 350 400 450
M, (MeV) M, (MeV)

Note that limit depends on the form
factor F,, (9°): b,, = dF/dg%(0)

Phys.Lett. B720 (2013) 111-115
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KLOE Search: e*e—Uy, U-u*u

Production of dark photon in e*e-
annihilation

Search for peak in u*u invariant
mass distribution

~5 x 10° u*uy events
Backgrounds: my, maw, eey, eeuu

405 y*u-y differential 3
35 cross-section i
S ank. i
© 30: £
% 25F upy KLOE measurement E
%20:_ upy PHOKARA simulation _E

. (NLO QED) :
3 15} E
3 10} E
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KLOE Search: e*e—Uy, U-u*u

Production of dark photon in e*e-
annihilation

Search for peak in u*u invariant
mass distribution

~5 x 10° u*uy events
Backgrounds: my, maw, eey, eeuu

405 y*u-y differential 3
35 cross-section i
S ank i
© 30: £
% 25F upy KLOE measurement _f
%20:_ upy PHOKARA simulation _E

. (NLO QED) :
3 15} E
3 10} E

5 E
i

06 07 08 09
M, GeV)

107

T 1 11111111
0 100 200 300 400 500 600 700 800 900 1000
M, (MeV)

New result expected at ICHEP’14:
« e'e—Uy, Uoe'e”

« 35 MeV/c? <M <520 MeV/c?
« Expected sensitivity: €2 ~10-6
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NA48/2 Experiment

NA48

NA48/1

@

\ 2004 Kt High menL)

# NA62 [[2007/08: K% /K% runs

(Rk phase) |

Ancestor: NA31
1997 K.+ K

g’/e run

1998 ¢’/erun K + KSI

1999 8,/8 run
K +Kg
Kg High
2000 KLonIyl o
NO Spectrometer
, Ks
2001 ¢ K/:::“ High
= Int.

2002 Kg High Intensity

r—

\ﬁ
2003 K% High Intensity

KMuon veto sytem
'Hadron calorimeter
Liquid krypton calorimeter

7
/
’

'Hodoscope

Drift chamber 4
< Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter 6

- 4 drift chambers |

* 0,/p~1% &
0.044% x p
[GeVi/c]

Liquid Krypton

EM Calorimeter

Drift chamber 1

Kevlar window

AN\

Improved to

NA62

D
2012: Start K*—x'wW

" . o lE ~ 3.2%/NE

P 9%/NE @ 0.48% @

0.42% [GeV] 0.009% in

2007
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NA48/2 Search: ni*—Uy, U—e'e

Large sample of tagged =%

« Search for peak in e*e-

decays (~2x107) from K*—mn’p invariant mass distribution

« Kaon flux: ~2 x 10™

M. spectrum

* Acceptance: ~5%

* M, resolution: ~1.2% g2 ~5 x1

:)-5

n*n0 mass spectrum

— Data

Events / 2.5 MeV
ou-

>

§1OGE N ) 4
- | VA= o
8 s K —p*ndv |

§10 :E + + D

i / 10°
10 E

\

0.02 0.04

0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6
M,,, GeV/c?

E. Goudzovski: MesonNet workshop, 2013
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NA438/2 Expected Sensitivity

Analysis in progress g2

For BR(U—e%e’) =1 (M, <2M,) 10%F KLOE-2

Measurement of n® EM form factor c

to characterize SM background in r

progress | excluded (50)
by muon g-2

10°®

excluded by
electron g-2

T T T TTTT

NA48/2 expected

10-7 1 1 L1 1 lll 1 1 1 111 ll 1 1 1
-3 -2 -1
10 10 10 MU' GeV/c2

E. Goudzovski: MesonNet workshop, 2013
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NA438/2 Expected Sensitivity

Analysis in progress
For BR(U—e%e’) =1 (M, <2M,)
Measurement of ° EM form factor

to characterize SM background in
progress

KTeV search?
Existing n%; analysis:

~2 x 108 7%, decays from

K, —n%1On0, (arXiv:hep-ex/0610072)
M..: 70-100 MeV/c?

Unlikely to be pursued given NA48
stats & difficulties with access to
KTeV data.

2
104 KLOE-2
- excluded (50)
" by muon g-2
107 3

excluded by
electron g-2

T T T TTTT

NA48/2 expected

1 1 lllllll 1 1 1

10-7 1 Ll
107 1072

. Goudzovski: MesonNet workshop, 2013

-1
10", Gevic?
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NA48/2 Search: K*—rtU, U—{H

- Search for resonance in arXiv-0811.1030

Mce . distribution for SM 10°
K¥5attt decay
- Pospelov: Possible that up to «?
10% of K*—n*e*e- SM” »
branching ratio is from U
resonance
- BR(K*—>n*e*e”) = 3x107 .
- Requiring BR(K*—>x*U) <3x108 '
produces exclusion plot shown
here
- NA48/2 plans to reanalyze T —
eXlstlng data K+_)J-':+e+e- 10 MeV 100 MeV 500 MeV
(7253 events’) & Kt—a* u*u
(3120 events™) to set an
experimental limit

Can be
probed by search
- of resonances

* arXiv:0903.3130
M. Pospelov, arXiv:0811.1030 *arXiv:1011.4817
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E787/949 Experiment

Barrel
veto

BVL

Range
stack e
—

RSSC

[
End cap y 7—

[\ J

l"’ 1
[ f i f
CoIIar=
K* beam i ——
;Il /l N ¥ Barrel
Target veto
Beam Upstream BeO B4 | Downstream

Cherenkov  photon ) photon
detector veto counter AD Drift chamber  veto counter Range stack

Drift chamber

Takget

Side view (cutaway) End view (top half)

Primary physics: K*—x*vv

K* decays at rest in the stopping target

Decay 11" track momentum analyzed in drift chamber

c olp~1%

Decay 11" stops in range stack, range and energy are measured
Barrel veto + End caps + Collar provide 41 photon veto coverage
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E787/949 Search: Kt—m+X0

- Davoudiasl, Lee, Marciano:

- If light dark particles exist,
U—invisible will dominate, so that
limits set using BR(U—¢*¢) = 1 are
lifted

- In this case, K*—a+X? limit applies:

1x107,

Upper limit 90% C.L.

5x107°F

1 Pol | 1 L I | 1 1x107% o ARry
100 200 sx10-6f -
Mass (MeV/c?) b )
 K*—atvv data interpreted as limit Y
. . E787+E949
on BR(K*—n*X?), assuming X0 is sxi0l .

non-interacting, and either X0 is
stable or X% decay products are . BR(Z;~missing) = 1

y s A .
detected and vetoed T e v w0 e

Phys.Rev. D79 (2009) 092004 Phys.Rev. D89 (2014) 095006
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NAG2 Experiment

NA48

NA48/1

NA48/2

NAG2 [

(Rk phase)

[ [1997

Ancestor: NA31
K.+ K

€’/e run

1998 ¢’/erun KL+K4

1999 E’/E run
K +Kg
High
2000 K, only | o
NO Spectrometer
2001 8’/8 run HKlz
K +Kg

2002 K High Intensity

2003 K% High Intensity

2004 Kt High Intensity

2007/08: K%2/K%: runs

NA62

[y

2007-2013: R&D

\2012: Start K*y

M. Moulson, DPF, 2013

KTAG

CHANTI

Differential Cerenkov
for K" ID in beam

Charged
veto

LAV RICH Muv
Large angle photon vetoes| |RICH u/zID| |u veto
OPAL lead glass 1 atm Ne Fe/scint

——

e T
TITIT

\ Fiducial volume ~60m

10 mbar

Beam tracking | | | | |

Si pixels, 3 stations \ | | I

GIGATRACKER l

a—d
Dipole spectrometer Forward y veto
4 straw-tracker stations NA48 LKr
STRAW LKr
50 100 150 200 250 m

Primary physics goal: K*—m*vv

o,/p ~ 0.3% & 0.008% p [GeV]

- o(M.) ~ 1 MeV
4.5 x 10'2 K* decays/year

- x45 more than

NA48/2

- ~108 2%, decays/year
Expect increase in statistics in n°—Uy,
K*—n*U, K*—=n+X0 searches

- Searches are background limited

- Limited analysis effort



Summary

Meson-decay experiments have excellent sensitivity for
dark photon searches in an interesting region of
parameter space

Large sample sizes

High-resolution detectors

Expect sensitivity to ¢2< 10 in upcoming results from:
KLOE (35 MeV/c? < M, < 520 MeV/c?)
NA48/2 (3 MeV/c? < M, < 100 MeV/c?)

Future meson-decay experiments:
NAG62: 4.5 x 10"?2 K* decays/year, ~108 x°; decays/year
KOTO: ~1 x 10"2 KO, flux in upcoming first full run



